Role of cilia in structural birth defects: insights from ciliopathy mutant mouse models.
Structural birth defect (SBD) is a major cause of morbidity and mortality in the newborn period. Although the etiology of SBD is diverse, a wide spectrum of SBD associated with ciliopathies points to the cilium as having a central role in the pathogenesis of SBDs. Ciliopathies are human diseases arising from disruption of cilia structure and/or function. They are associated with developmental anomalies in one or more organ systems and can involve defects in motile cilia, such as those in the airway epithelia or from defects in nonmotile (primary cilia) that have sensory and cell signaling function. Availability of low cost next generation sequencing has allowed for explosion of new knowledge in genetic etiology of ciliopathies. This has led to the appreciation that many genes are shared in common between otherwise clinically distinct ciliopathies. Further insights into the relevance of the cilium in SBD has come from recovery of pathogenic mutations in cilia-related genes from many large-scale mouse forward genetic screens with differing developmental phenotyping focus. Our mouse mutagenesis screen for congenital heart disease (CHD) using noninvasive fetal echocardiography has yielded a marked enrichment for pathogenic mutations in genes required for motile or primary cilia function. These novel mutant mouse models will be invaluable for modeling human ciliopathies and further interrogating the role of the cilium in the pathogenesis of SBD and CHD. Overall, these findings suggest a central role for the cilium in the pathogenesis of a wide spectrum of developmental anomalies associated with CHD and SBDs.